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Abstract
Coastal and continental shelf waters, like northern Gulf of Mexico, are undergoing
changes related to natural and human-induced processes causing significant morphological
changes. Louisiana, particularly, is experiencing accelerated land loss causing rapid degradation
of barrier islands. Restoration of barrier islands employ sediment additions from the continental
shelf through dredging. Implications to the ecology of these areas from dredging have been
reported in water quality changes, sediment stressors, and contaminant releases, however,
research is limited. To understand the implications of dredging on water quality on a seasonal
and temporal scale, water samples and sediment cores were taken inside and outside of two
borrow pits, Caminada and Sandy Point, located on the Louisiana continental shelf in spring and
summer of 2018 and 2019, respectively. Samples were collected from four stations at each
borrow pit to quantify inorganic nutrients, organic carbon and nitrogen, chlorophyll a, pigment
composition, and dominant phytoplankton and microphytobenthos taxa. Findings suggest that
seasonal variability (water column) and sediment substrate and microbial activity (sediments)
were the dominant factors driving the differences in primary production inside vs outside of the
borrow pits. Caminada borrow pit, a low-flow environment, experienced introduction of
nutrients from the Mississippi River that promoted spring algal bloom in the surface waters (2.12
± 0.85 μg chl a L-) that later fueled organic matter deposition in summer in the bottom waters
within the pit (4.87 ± 0.15 μg chl a L-1). Sandy Point borrow pit, high-flow environment,
experienced an introduction of nutrients from the Mississippi River during a period of prolonged
high river discharge that allowed development of a larger spring algal bloom (7.49 ± 0.52 μg chl
a L-1) and even greater a secondary summer bloom (14.32 ± 1.3 μg chl a L-1) in the surface
waters but not at depth. Both borrow sites had a unique microphybenthos community of mainly
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centric diatom Coscinodiscus spp. with differences in biomass, while outside the pit
microphybenthos was mainly composed of pennate diatoms. This study provides new
information of borrow pits and the surrounding water column and a comprehensive analysis of
two differing borrow pit environments.

ix

General Introduction

The coastline of the northern Gulf of Mexico is rapidly eroding due the complex
interactions of anthropogenic and environmental factors causing significant morphological
changes. Louisiana, in particular, is experiencing accelerated coastline retreat and land loss, with
rates amongst the highest in the world (Penland et al. 1988, 1990, 2005, Dietz et al. 2018,
Luijendijk et al. 2018). Between 1932 and 2000, 19,000 square miles (49,209 km2) of land was
lost in coastal Louisiana (USGS 2003). In 2005, Hurricanes Katrina and Rita alone caused 217
square miles (562 km2) land loss along the coast of Louisiana (Barras 2006). Louisiana could
stand to lose an additional 2,250 square miles (5,827 km2) over the next fifty years if no
additional action is taken (CMP 2017).
The current morphology of coastal Louisiana is the result of the natural processes of the
Mississippi River Delta complexes lobe switching. Over the past 7,000 years, the Mississippi
River Delta has formed six major delta complexes (Penland & Boyd 1981, Britsch et al. 1993,
Roberts 1997, Alexander et al. 2012) (Fig. 1). Until the 1900’s, land building processes
dominated the delta region and many of the barrier islands along coastal Louisiana were formed
as a result from the constructional phase of the delta cycle (Penland 1990, Alexander et al. 2012).
However, since the 1930’s, both natural and human-induced processes, such as storm surge,
subsidence, sea-level rise, saltwater intrusion, and reduced sediment supply due to the
construction of dams and levees, are responsible for the land loss Louisiana is currently
experiencing (Britsch et al. 1993, Alexander et al. 2012). Louisiana has some of the highest
relative sea-level rise rates in the world at 12 ± 8 mm/yr (Jankowski et al. 2017). Coupled with
increased global sea-level rise of 3.4 ± 0.4 mm/yr over the past 17 years (Nerem et al. 2010),
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land loss in Louisiana is a complex problem.

Figure 1. A series of six major delta complexes that were constructed by the Mississippi River over the past 7,000
years (Blum and Roberts 2009)

The Coastal Protection and Restoration Authority (CPRA) of Louisiana created the
Comprehensive Master Plan for a Sustainable Coast and provided funding through a variety of
federal and non-federal programs to restore and reconstruct this barrier island complex. One such
program is the Coastal Impact Assistance Program (CIAP), which funds projects to aid oil and
gas producing states such as Louisiana, Texas, Mississippi, Alabama, Alaska and California and
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funded with money set aside from offshore oil and gas leases in federal waters during the years
2007-2010 (CEC 2017). CIAP projects are used for these states using resources from the outer
continental shelf to preserve, protect and mitigate their coastal areas from the impacts of offshore
production, and the Bureau of Energy Management (BOEM) is the only agency responsible for
managing development of the outer continental shelf marine mineral resources. For the state of
Louisiana, these projects are, therefore, managed by the BOEM and CPRA together (CEC 2017).
CPRA has allocated funds from the $50 billion budget for immediate action protection and
restoration projects that require dredged sand resources from the outer continental shelf (Coastal
Protection and Restoration Authority, 2017).
Dredging, required for the removal of sand for restoration projects, has negative impacts
on the environment including changes in water quality, sediment stressors (suspended and
deposited), release of contaminants, and noise pollution (Fisher et al. 2015, McCook et al. 2015,
Wenger et al. 2017, 2018). The implications due to dredging on higher trophic levels have been
also reported as loss of habitat, significant behavioral changes in fish, response of fishes to
suspended sediment, and reduction of larval supply of commercially and economically important
fish species (Nairn et al. 2004, Wenger et al. 2017, 2018). Additionally, released toxins into the
water column from the disturbance of sediments during dredging can alter water chemistry and
consequently causing shifts in fish community dynamics (Wenger et al. 2017). The depressions
left after dredging is completed are often associated with low-flow environments and act as
effective sediment traps with high organic matter accumulation at the bottom due to a low flow
velocity (Graca et al. 2004).
Changes in water quality is one of the concerns in these dredged sites and the assessment
of water quality is usually lacking from previous studies. Primary producer communities, such as
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phytoplankton and microphytobenthos (MPB), are good indicators of stressed or degraded
conditions due to their rapid responses to changing physical and biological environmental
conditions, making them ideal indicators of coastal or estuarine ecosystems health (Salmaso et
al. 2006, Chellappa et al. 2009, Baustian et al. 2011). The overall productivity of Louisiana
coastal ecosystems is physically and biologically controlled by freshwater discharge from the
Mississippi River, which affects the composition, diversity, and biomass of organisms at all
trophic levels (Sklar & Turner 1981, Lohrenz et al. 2008, Lehrter et al. 2009, Turner and
Rabalais 2013, Bargu et al. 2016). Most nutrients entering the Gulf of Mexico come from
agricultural land use practices along the Mississippi River, unlike the east and west coast of the
United States that are characterized by upwelling and intrusions of slope water. The Mississippi
River delivers approximately 1.82 Tg N year-1 (1.3 x 1011 mol N year-1) to the northern Gulf of
Mexico, which has been increasing since the 1950’s from a spike in agricultural land use
practices (Rabalais et al. 2002, Rabalais et al. 2007, Alexander et al. 2008, Baustian & Rabalais
2009). Excess nutrients enter the coastal systems during spring high river discharge promotes
algal blooms on the Louisiana-Texas continental shelf and subsequently leads to the
development of bottom-water hypoxia, also known as the “Dead Zone”, during mid-summer
(Rabalais et al. 2002, 2007). Studies documented the average areal extent of this hypoxic zone to
be 14,042 km2 from 1989-2016, while it covered an area of ~ 22,720 km2 in 2017 (Rabalais et al.
2002, 2007).
The phytoplankton communities of the northern Gulf of Mexico are commonly
dominated by chain-forming diatoms, such as Skeletonema, Chaetacerous, and Pseudo-nitzchia
in March and May and picoplankton during June to October (Dortch et al. 2001, Baustian et al.
2011, Schaeffer et al. 2012, Bargu et al. 2016). Previous studies have shown that diatom growth
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for the northern Gulf of Mexico is mainly limited by silica in the spring and can be limited by
nitrogen outside of the Mississippi River bird-foot delta region in the summer (Quigg et al. 2001,
Zhao & Quigg 2014, Gomez et al. 2018). High nutrient loads since 1950s caused a shift in
nutrient stoichiometry between nitrogen and silica, from 4:1 to 1:1, and phytoplankton
community composition shifted from heavily silicified diatoms to less silicified diatoms in the
northern Gulf of Mexico region (Dortch et al. 2001, Bargu et al. 2016). Aside from nutrient
limitations, elevated temperatures and the natural stratification found during late spring and
summer in the Gulf of Mexico can also play an important role in the seasonal changes of the
phytoplankton community composition at the surface waters.
MPB along the northern Gulf of Mexico have been far less studied compared to water
column phytoplankton. A large percentage (~50%) of the MPB samples collected previously
were comprised of moderately to heavily silicified pelagic diatoms sinking from the surface and
can be highly variable due to sinking rates (Dortch et al. 2001, Baustian et al. 2011). However,
unique MPB communities with high biomass in the mid-to -late summer/early fall off the central
coast of Louisiana from shallow, sandy shoals and deeper muddier sites were also found to be
composed of mostly pennate diatoms and filamentous cyanobacteria that are not associated with
the water column (Grippo et al. 2009, 2010, Baustian et al. 2011, 2013). Notably, Baustian et al.
(2013) found diatoms and cyanobacteria to be the most abundant taxonomic groups with the
centric diatom Coscinodiscus and the chain forming Skeletonema spp. were the dominant species
in 80% of the sediment samples collected, during mid-summer from 2006 to 2008. MPB are
found to be common on the seasonally hypoxic Louisiana continental shelf region even at light
levels as low as 0.1% of the surface light. Given the abundance of diatoms found in this region,
there is consequently an enhanced fucoxanthin (accessory pigment common in diatoms):chl a
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ratio and previous research has shown that fucoxanthin facilitates light harvesting during
photosynthesis (McGee et al. 2008, Baustian et al. 2011, Kuczynska et al. 2015). Large benthic
nutrient fluxes have occurred in areas of high reactive silica sediment content in the northern
Gulf of Mexico, where recurrent hypoxia is found (Ebner 2018) and increased proportion of
biogenic silica accumulation in hypoxic zones have been recorded (Rabalais et al. 2004).
Enhanced benthic silica flux in hypoxic regions could also support a diatom-dominated
microphytobenthos community by supplying silica necessary for frustule formation for diatoms
(Sigmon and Cahoon 1997, Rabalais & Turner 2006, Baustian et al. 2011).
In the northern Gulf of Mexico, there are two major types of borrow areas from which
sand resources are excavated: mud-capped borrow pits and sandy borrow pits, also often referred
to as dredge pits. This study will focus on the water quality and primary producers on a seasonal
scale of two borrow pits on the Louisiana continental shelf. Caminada borrow pit is a sandy pit
located approximately 120 km west of the Mississippi River bird-foot delta. Sandy Point is a
mud-capped borrow pit located 20 km west of the Mississippi River bird-foot delta. Results from
Caminada borrow pit will be presented in Chapter 1 and results from Sandy Point borrow pit will
be presented in Chapter 2. This study serves as the foundation for understanding how dredging
can impact the water quality post disturbance to further inform management decisions. Little
research has been done to study the implications due to dredging, therefore by understanding the
complex interactions of borrow pits and the surrounding water column, this study provides a
comprehensive analysis of two differing borrow pit environments in terms of productivity and
water quality dynamics.
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Chapter 1. Water Quality, Phytoplankton, and Microphytobenthos Dynamics
of Sediment Borrow Areas on the Louisiana Continental Shelf: A Case Study
of Caminada Borrow Pit
Introduction
Coastal and continental shelf waters, including those in the northern Gulf of Mexico, are
undergoing changes related to natural processes and human activities (e.g. Hays et al. 2005,
Dossena et al. 2012, Maric et al. 2012). The influence of global climate change is expected to
increase sea surface temperatures, enhance water column stratification, lead to heavy
precipitation and storm events that will alter land runoff. Coastal cities are at greater risk to the
impacts of climate change and coastal hazards, such as sea-level rise, erosion, and storm surge,
and these are the vulnerable areas that are under threat for land loss as storms and hurricanes are
predicted to increase in frequency and intensity (IPCC 2013, Lane et al. 2013, Marsooli et al.
2019). Often two to three times greater population densities are found in coastal regions when
compared to similar areas inland. Coastal ecosystems, therefore, can play an important role
ecologically and economically as they provide a wide range of ecosystems services such as flood
control storm protection, shoreline stabilization, and pollution filtering (Barbier et al. 2011,
Barbier 2013). In order to slow down the sediment erosion and land loss in coastal ecosystems,
many times, costly implementation of coastal restoration projects are required to combat natural
and anthropogenic coastal land loss.
The state of Louisiana’s Coastal Protection and Restoration Authority (CPRA) is
provided funding through a variety of federal and non-federal programs to restore and
reconstruct the barrier island complex of coastal Louisiana (CPRA 2018). CPRA works closely
with the Bureau of Ocean Energy Management (BOEM) to borrow sand from the outer
continental shelf for restoration projects as BOEM is the only agency responsible for managing
7

the marine mineral resources in federal waters, such as the Louisiana outer continental shelf.
Caminada-Moreau Headland is one of the barrier islands experiencing some of the highest land
loss rates along the coast of Louisiana (Penland et al. 2003, Dietz et al. 2018). The Caminada
Headland (Fig. 1.1) is a significant feature along Louisiana’s coastline because it provides
critical habitat for important nesting and migratory birds and threatened or endangered species,
such as the brown pelican and piping plover (CEC 2017, Maloz 2017) . The Caminada Headland
Beach restoration project, split into two increments, is one such project outlined in the 2017
CPRA Coastal Master Plan, which planned to use dredged sediment from a borrow area on the
outer continental shelf to restore a portion of the Caminada-Moreau Headland. The Caminada
Headland I Project (project number: BA-45) began in 2013 and it was the first to use sand from
an offshore source for headland restoration. Caminada Headland II Project (project number: BA143) began in 2014 and it was the largest restoration project and construction contract in CPRA’s
history and used the same offshore sand resource as in increment I to restore the western end of
the Caminada Headland (CEC 2017). Increments I and II restored thirteen miles of beach and
792 acres of habitat once completed with an estimated total cost of $216 million. Both
increments of the project excavated approximately 10 million cubic yards and was completed in
2016.
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Figure 1.1. A. Caminada Headland located in coastal Louisiana. B. An aerial view of the Caminada Headland, a
barrier island structure of coastal Louisiana. Photos modified from CPRA.

Dredging, on the other hand, has negative impacts on the environment that have been
well documented such as changes in water quality, sediment stressors (suspended and deposited),
release of contaminants, and noise pollution (Fisher et al. 2015, McCook et al. 2015, Wenger et
al. 2017, 2018). After sediment has been “borrowed” through the process of dredging, a pit is left
behind that has the potential to disrupt baseline or current conditions such as sediment transport,
9

sediment deposition patterns, and changes in available habitat (Nairn et al. 2004). Borrow pits
typically experience reduced bottom water currents compared to the adjacent seafloor that can
lead to the formation of harmful suspended sediment levels, which can act as a barrier to vertical
exchanges of oxygen (Pearce 1994, Allahdadi 2014). Borrow pits have also been associated with
high organic matter accumulation and low flow velocity which can lead to depletion of oxygen
in bottom water, often referred to as bottom-water hypoxia when dissolved oxygen
concentrations are below or equal to 2 mg L-1, from increased microbial decomposition (Rabalais
et al. 2002, Rabalais & Turner 2006).
Changes in water quality is one of the concerns in these dredged sites and the assessment
of water quality is typically lacking from previous studies. Microorganisms, such as
phytoplankton and microphytobenthos (MPB), are good indicators of stressed or degraded
conditions due to their rapid responses to physical and biological environmental parameters,
making them ideal indicators of coastal or estuarine ecosystems health (Salmaso et al. 2006,
Chellappa et al. 2009, Baustian et al. 2011). The overall productivity of Louisiana coastal
ecosystems is physically and biologically controlled by spring freshwater discharge from the
Mississippi River, which affects the composition, diversity, and biomass of organisms at all
trophic levels. The phytoplankton communities of the northern Gulf of Mexico are commonly
dominated by chain-forming diatoms, such as Skeletonema, Chaetacerous, and Pseudo-nitzchia
in March and May and picoplankton during June to October (Dortch et al. 2001, Baustian et al.
2011, Schaeffer et al. 2012, Bargu et al. 2016). Aside from nutrient limitations, elevated
temperatures and the natural stratification found during late spring and summer in the Gulf of
Mexico can also play an important role in the seasonal changes of the phytoplankton community
composition at the surface waters (Sklar & Turner 1981, Lohrenz et al. 2008, Lehrter et al. 2009,
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Turner and Rabalais 2013, Bargu et al. 2016). MPB along the northern Gulf of Mexico have
been far less studied compared to water column phytoplankton, however, enhanced nutrient
fluxes seen especially in summer months are found to support a viable and unique MPB
communities (Grippo et al. 2009, 2010, Baustian 2011, Baustian et al. 2011, 2013).
The alteration of phytoplankton and unique MPB community structure together with
bottom-water hypoxic conditions and changes in water column primary productivity will result
in large differences in benthic-pelagic coupling as well as the sediment quality and the amount of
energy transfer (e.g., nitrogen and carbon). The main research question of this study is: How will
environmental conditions, nutrient dynamics, and primary productivity differ inside the borrow
pit from the surrounding undisturbed sandy shoal post-dredging? The present study serves as the
foundation of current understanding on how dredging can impact the water quality post
disturbance to further inform coastal management decisions. Implications due to dredging have
only been reported since the early 2000’s, therefore by understanding the complex interactions of
borrow pits and the surrounding water column, this study provides new information on a
comprehensive analysis of these unique habitats in terms of productivity and water quality
dynamics.

Materials and Methods
Study Site and Field Sampling
Caminada borrow pit, located on Ship Shoal, was chosen to study water quality,
phytoplankton and microphytobenthos productivity and diversity. Shoals, or elevated sand
deposits, have recently received more attention due to being abundant exploitable resources for
coastal restoration projects. One example is Ship Shoal, a submerged relict barrier island located
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on the central Louisiana coast approximately 25 km off the coast of Terrebonne Bay
(28°54.725'N, 90°54.592'W at the center). Ship Shoal is considered one of the largest sand
sources in the Gulf of Mexico (Drucker et al. 2004). Caminada borrow pit is located on the
eastern end of Ship Shoal near Terrebonne Bay and Atchafalaya River (Fig.1.2). Caminada is a
mixed-sediment borrow pit, made up of alluvial sand that is characteristic of Ship Shoal and
muddier sediments delivered to the area via the Mississippi River. After excavation was
completed, the area of the borrow pit is approximately 6.3 km2, with depths ranging between 6-7
meters below the ambient seafloor (Liu et al. 2019) and an infilling of rate of 150 cm yr-1, or
27,480 m3 yr-1 (Liu et al. 2018).
To further understand the implications of dredging on Caminada borrow pit water quality
on a seasonal scale, water samples and sediment cores were taken inside and outside of the
borrow pit in spring (May) and summer (July) of 2018. Samples were taken at four stations, two
within the borrow area (inside - IN stations) and two outside of the borrow area (Fig. 1.2). Inside
stations are labeled as station CA1_IN (28°54.7441'N, 90°36.6542'W) and station CA2_IN
(28°54.8324'N, 90°37.2931'W), while outside stations are labeled as station CA3 (28°55.1721'N,
90°36.3052'W) and CA4 (28°54.9426'N, 90°37.7588'W).
Water samples were collected using a five-liter Niskin bottle at each station at surface
(one meter below the surface) and bottom (one meter above the sediment floor) water depths and
stored in clean one-liter polypropylene bottles in the dark on ice for later chemical and biological
analyses in the laboratory. Intact sediment cores were collected via multicorer using 10 cm
diameter polycarbonate core tubes (with length of 58 cm) from inside and outside stations. A box
corer was utilized when substrate was mostly sand and could not be penetrated with a multicorer;
the same core tubes were used to collect subsamples from box corer.
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Figure 1.2. Map of the study site, Caminada borrow pit, located on the Louisiana continental shelf on Ship Shoal.
Inserted box indicates the sampling stations for the study sampled in 2018.

Laboratory Analyses
Water Column:
Chemical Analyses
Fifteen milliliter subsamples were taken from each one liter bottle at each depth for
dissolved inorganic nitrogen (NO3 + NO2 and NH4 -N), phosphorus (SRP-P), and silica (SiO2)
and filtered through 0.45 μm syringe filters, collected in acid washed plastic 20 mL
scintillation vials, and kept on ice until returning to the lab. Upon return to the lab, samples
were stored at -20°C until further analysis. NH4-N was measured according to EPA Method
350.1 (O'Dell, 1993a), NO3 +NO2 measured according to EPA Method 353.2 (O'Dell, 1993b),
and SRP (PO4) measured according to EPA Method 365.1 (O'Dell, 1993c). SiO2 concentrations
were quantified on filtered subsamples using an O.I. Analytical Flow Solutions IV Autoanalyzer
(APHA Method 4500-SiO2). Particulate organic carbon and nitrogen was collected and
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analyzed via a Costech 1040 Elemental Combustion Analyzer according to EPA method 440
using high temperature combustion (Zimmermann et al. 1997). Aliquots of water were filtered
on pre-combusted (550 °C for two hours) and pre-rinsed 47 mm GF/F filters, and volume
recorded once filter became clogged. All filters were dried at 50 °C using a Fisher Scientific
Isotemp Incubator for 48 hours or to constant weight, weighed and then stored in a desiccator
until analysis. The dried filters were carefully folded and split down the center with forceps and
each half was placed into a Costech silver capsule and fumigated in a vacuum-sealed glass
desiccator alongside 12N hydrochloric acid (HCl) for 12 hours to remove all inorganics (Hedges
et al. 1984, Hedges & Stern 1984, Zimmermann et al. 1997). Samples were then repacked into
tin capsules to ensure no sample was lost before the analyses.

Biological Analyses
The concentrations of chlorophyll a (chl a) were determined at all stations as an estimate
of phytoplankton biomass. Upon return to the lab, in dim lighting, fifty-millimeter subsamples
(n=3) were filtered through 25 mm GF/F filters and stored at -20 °C until further analysis. Filters
were then extracted for 24 hours in 90% acetone at -20 °C. Fluorescence was measured in
extracted samples before and after acidification with HCl using Turner fluorometer 10-AU in
low light according to Parsons et al. (1984). Bulk phytoplankton groups were also identified
using signature pigments ratios. Identification of diagnostic pigments was identified through
High Performance Liquid Chromatography (HPLC) following Pinckney et al. (1998) at the
HPLC Photopigment Analysis Facility at University of South Carolina. Samples were vacuum
filtered through 25mm GF/F filters and stored at -20 °C in a foil-wrapped 15 mL centrifuge tube
until analysis. In summary, photopigment samples were prepared by lyophilization (-50 EC, 0.57
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mbar, 12 h; Labconco FreeZone 2.5) to remove all excess water, cut into 6 equal sections and
placed in the microfuge tube, extracted 90% acetone (500 - 1,500 μl), and stored at -20 °C for 18
- 20 hours. Each sample has the addition of 50 μl of an internal standard, synthetic carotenoid ßapo-8'-carotenal (Sigma, cat. no. 10810). Extracts are then injected into an HPLC system
equipped with reverse-phase C18 columns in series (Rainin Microsorb-MV, 0.46 ×10 cm, 3 mm,
Vydac 201TP, 0.46 × 25 cm, 5 mm). A nonlinear binary gradient, adapted from Van Heukelem
et al. (1995), was used for pigment separations. Solvent A consisted of 80% methanol and 20%
ammonium acetate (0.5 M adjusted to pH 7.2), and Solvent B was 80% methanol and 20%
acetone. Absorption spectra and chromatograms were acquired using a Shimadzu SPD-M10av
photodiode array detector, where pigment peaks were quantified at 440 nm (Pinckney et al.
1997,1998)
The following accessory pigments were quantified as the signature pigment group:
Chlorophyll c3, Chlorophyll c1 c2, Peridinin , 19'-Butanoyloxyfucoxanthin, Fucoxanthin, 19'Hexanoyloxyfucoxanthin, 9' cis-Neoxanthin, Prasinoxanthin, Violaxanthin, Myxoxanthophyll,
Diadinoxanthin, Antheraxanthin, Alloxanthin, Monadoxanthin, Diatoxanthin, Lutein,
Zeaxanthin, Gyroxanthin, Canthaxanthin, Carotenal (internal standard), Bacteriochlorophyll a ,
Chlorophyll b, Crocoxanthin, Chlorophyll a – allomer, Divinyl Chlorophyll a, Chlorophyll a',
Echinenone, α Carotene, and ß Carotene. The phytoplankton community composition based on
the diagnostic pigment ratio by specific functional groups was calculated using the formula
below from Wang et al. (2015), where DP is the sum of the weighted concentrations of all
diagnostic pigments which was used to find the overall contribution by group of the
phytoplankton characteristic of this region and their associated accessory pigments.
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DP=1.41Fuco +1.41Per +0.60 Allo +0.35 But-fuco +1.27 Hex-fuco +1.01Chl + 0.86 Zea

The functional groups chosen were haptophytes (19'- Hexanoyloxyfucoxanthin, Hex-fuco),
chlorophytes (Chlorophyll b), cryptophytes (Alloxanthin (Allo)+ α Carotene), cyanobacteria
(Zeaxanthin, Zea), diatoms (Fucoxanthin (Fuco) + Diatoxanthin + Diadinoxanthin), and
dinoflagellates (Peridinin, Per) (Paerl et al. 2003, Liu et al. 2019).
Microscopy analysis was conducted in order to verify pigment ratios and identify the
most dominant phytoplankton species. One-hundred milliliters of water samples (n =3) from
each station at each depth were preserved in 2% glutaraldehyde. Microscopy analysis was
performed using an Axio Observer – A1 inverted microscope (Axiovert 135, Zeiss) using
Sedgewick-Rafter slides.

Sediment:
Chemical Analyses
Total organic carbon and nitrogen was collected and analyzed via a Costech 1040
Elemental Combustion Analyzer according to EPA method 440 using high temperature
combustion (Zimmermann et al. 1997). Top ten centimeters of each core was sliced into twocentimeter increments and each increment of sediment was used for the analysis to determine
percent contribution of carbon and nitrogen to the total sample. Each two-centimeter section was
analyzed, and the average was used due to no significant differnce found when the top 2-cm
section was compared to subsequent downcore samples (p > 0.05). Subsamples from each slice
were dried at 50 °C using a Fisher Scientific Isotemp Incubator. Weights were recorded for each
sediment subsample prior drying and removed from the drying oven once a constant weight was
reported after at least a 24-hour period to ensure all moisture was removed from the sample.
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Sample weights were recorded after constant weight was achieved. Dried sediment samples were
grounded using a traditional mortar and pestle and homogenized using a 125 µm sieve. Samples
were weighed out into Costech silver capsules and fumigated in a vacuum-sealed glass
desiccator alongside 12N hydrochloric acid (HCl) for 12 hours to remove all inorganics (Hedges
et al. 1984, Hedges & Stern 1984, Zimmerman et al. 1997).

Biological Analyses
Sediment cores were taken at each station and the top 0.5-centimeter sliced were placed
into 50-mL centrifuge tubes, placed on ice and kept in the dark. Samples were preserved in 2%
glutaraldehyde upon arrival to laboratory and kept at 4°C until further microscopy and chl a
analysis. Sediment chl a concentrations were determined at all stations as an estimate of MPB
biomass. Samples were frozen at -20°C upon arrival to the lab for further analysis. Once thawed,
the samples were mixed well using a small spatula and weighed so that each sample is ~ 3-4
grams. For extraction, 92% acetone was added to each sample and shaken to mix well. Each
sample was sonicated at an amplitude intensity of 25% for 30 seconds and allowed to rest for
~16 hours in the refrigerator. Fluorescence was measured in extracted samples before and after
acidification with HCl using Turner fluorometer 10-AU in low light according to adapted from
Dalsgaard et al. (2000). Microscopy observations were performed using an Axio Observer – A1
inverted microscope (Axiovert 135, Zeiss) using a Sedgewick-Rafter slide to identify the most
dominant MPB species.

Statistical Analysis

17

Two-sample T-tests of equal variance were used to indicate significant differences
between inside versus outside stations and between surface and bottom samples for the water
column. In order to test for differences between seasons, a series of paired T-tests were
performed. Furthermore, a Pearson correlation coefficient test was run to investigate the
association between variables of interest for the water column. Coefficients were reported
between -1 and 1 to determine a perfect positive or negative correlation. All statistics were
performed with RStudio.

Results
Water Column
Environmental conditions were found to be variable between the inside and the outside of
the pit, as well as spring and summer (Table 1.1). Average depth from the surface of the water
was 12.68 ± 0.83 m inside the Caminada borrow pit and 7.82 ± 1.01 m outside the pit. Surfacewater temperatures were comparable at all stations for each season with higher temperatures
recorded in the summer. Surface-water temperatures for spring and summer were 26.1 ± 0.32 °C
and 31.1 ± 1.3 °C, respectively. Bottom-water temperatures inside the pit were cooler than
surface-water temperatures averaging 23.0 ± 0.05 °C and 26.6 ±0.06 °C for spring and summer,
respectively, while outside bottom-water temperatures were slightly warmer at 24.9 ± 0.75 °C
and 28.7 ± 0.39 °C for spring and summer, respectively. Surface-water salinity for inside and
outside pit stations were similar at all stations but slightly different for spring and summer
averaging 21.5 ± 0.54 and 25.38 ± 0.50, respectively. Bottom-water salinity differed significantly
between inside and outside pit stations for both spring and summer (p = 0.004), with average of
34.5 ± 0.54 at inside pit for both seasons and 25.4 ± 0.57 and 30.4 ± 0.19 at outside pit stations
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for spring and summer, respectively. Dissolved oxygen (DO) was consistently high for surface
water of both inside and outside pit stations for spring and summer (6.82 ±1.38 mg L-1) and
bottom water of outside pit stations in spring and summer (6.73 ± 1.17 mg L-1), while inside the
pit, the bottom water became hypoxic during spring and summer (1.56 ± 0.25 mg L-1 ) (p =
0.002).
Table 1.1. Water quality parameters for the inside and outside stations in Caminada for spring and summer of 2018
(DO=dissolved oxygen).
Spring
Station
CA1_IN
CA2_IN
CA3
CA4

Depth (m)
0.95
13.11
1.10
13.07
0.82
7.00
0.74
7.03

Temp (°C)
26.3
23.1
26.4
22.9
25.7
24.4
26
25.5

Salinity
22.1
34
21.7
34.4
20.8
27.9
21.6
22.8

Summer
-1

DO (mg L )
7.57
1.93
7.62
1.43
7.43
6.71
7.56
6.88

Temp (°C)
30.6
26.7
31.8
26.6
29.6
28.4
32.5
26.6

Salinity
25.7
34.8
24.9
34.8
25.9
30.5
25
30.3

DO (mg L-1)
7.28
1.42
6.83
1.46
3.5
7.11
6.83
5.45

Caminada borrow pit had higher spring concentrations of dissolved inorganic nutrients in the
surface water samples compared to summer and the opposite was true for the summer, where
bottom-water nutrient concentrations were higher than surface waters, shown in Table 1.2.
Nitrate + nitrite (NO2 + NO3) concentrations for spring were significantly higher in the surface
waters when compared to bottom water samples (p = 0.01) and no significant differences were
detected for summer samples (p > 0.05). Ammonium (NH4) concentrations were significantly
higher in the bottom water when compared to surface water for all stations and seasons (p =
0.005). Phosphorus (SRP) values were similar between seasons and consistently higher values
were detected at depth. Silica (SiO2) concentrations were higher at the surface water during the
spring compared to summer surface concentrations (p = 0.002), and remained low in the bottom
water in spring at all stations, however, bottom water SiO2 concentrations significantly increased
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during the summer inside the pit when compared to outside pit stations (p = 0.001) (Table 1.3
and Table 1.4).
Table 1.2. Summary of dissolved inorganic nutrients (μM) from water samples collected during spring and summer
of 2018, NO2+NO3 = Nitrate + Nitrite, SiO2= Silica, NH4= ammonium, SRP= phosphorus ‘bd’ indicated samples
were below detection
Spring
Station

Depth

CA1_IN

Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom

CA2_IN
CA3
CA4

NO2+NO3
(μM)
1.89
0.24
1.4
0.28
2.1
0.49
1.37
1.3

NH4
(μM)
18.32
20.89
bd
14.19
7.66
20.6
bd
14.15

Summer
SRP
(μM)
0.32
0.1
0.26
0.19
0.29
0.26
0.29
0.32

SiO2
(μM)
10.33
1.82
10.02
1.84
12.48
2.91
10.93
1.92

NO2+NO3
(μM)
0.89
0.31
0
8.57
0.33
0.35
0.06
1.3

NH4
(μM)
14.36
27.22
13.96
18.52
5.68
13
9.02
17.72

SRP
(μM)
0.26
1.68
0.26
1.29
bd
0.26
0.1
0.32

SiO2
(μM)
4.17
35.25
6.34
33.05
0
0
1.89
1.92

Overall, surface water spring values of particulate organic carbon (POC) were higher
than summer and the opposite was true for bottom water (Fig. 1.3). Surface-water values for all
stations during the spring season had POC between 564 – 648 μg C L-1 while in the summer,
values dropped between 266 – 282 μg C L-1. Bottom-water values were similar in the inside and
outside stations for spring ranging from 296 – 334 μg C L-1 , however, these values increased in
summer, especially at CA_IN, at depth ranging from 302 – 566 μg C L-1 (Fig. 1.4). POC was
positively correlated with chl a in both spring and summer (p < 0.001 and 0.005, respectively)
(Table 1.3 and 1.4). However, POC was negatively correlated with depth in the spring and
positively correlated with depth in the summer (p = 0.002 and 0.004, respectively) (Table 1.3 and
1.4). The same is true for PN, positively correlated with chl a in both spring and summer (p <
0.001 and p = 0.002, respectively) (Table 1.3 and 1.4) and negatively correlated with depth in the
spring and positively correlated with depth in the summer (p = 0.003 and p = 0.002) (Table 1.3
and 1.4).
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Figure 1.3. Particulate organic carbon and nitrogen from water column samples from both inside and outside the
Caminada borrow pit stations and between spring and summer of 2018.

The chl a concentrations in the surface water were higher in the spring at all stations
(2.12 ± 0.85 μg chl a L-1) compared to bottom water (0.55 ± 0.07 μg chl a L-1 ) (Fig.1.4 ).
Additionally, surface water chl a concentrations were lower in summer compared to the spring
for all stations with a mean value of 0.73 ± 0.36 μg chl a L-1. The highest values of bottom water
chl a were recorded inside the pit (stations CA1_IN and CA2_IN) during the summer, averaging
4.87 ± 0.15 μg chl a L-1, about four times greater than the bottom values from the spring. Chl a
was positively correlated with N+N and SiO2 in the spring (p = 0.01 and p < 0.001, respectively),
whereas, chl a was positively correlated with NH4, SiO2 and SRP in the summer (p < 0.001, p =
0.04, and p < 0.001, respectively) (Table 1.3 and 1.4).
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Figure 1.4. Chlorophyll a (chl a) values for the water column stations at Caminada between the two seasons, spring
and summer of 2018, for surface and bottom water depths.

The phytoplankton community composition by taxonomic groups based on the selected
diagnostic pigments indicated that the community inside and outside of the borrow pit were
largely made up of diatoms and cyanobacteria (Fig. 1.5). Diatoms were more abundant in the
summer surface water when compared to spring, where cyanobacteria were more present in
spring. Bottom water samples showed similar patterns between spring and summer but there was
an increase in diatoms in the summer for station CA1_IN. Chlorophyte abundance was similar at
all stations and among both seasons, except for an increase in abundance at CA4 for the summer
in bottom water samples. Microscopy observations revealed the diatom community to be mostly
dominated by chain-forming centric diatoms, however no clear distinction was shown in species
diversity between inside and outside of the pit (Fig. 1.6).
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Figure 1.5. Phytoplankton community composition by taxonomic groups based on diagnostic pigments between the
two seasons, spring and summer of 2018, for surface and bottom water depths. Most notably diatoms are represented
by the solid black fill and cyanobacteria are represented by diagonal line pattern fill.
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Figure 1.6. Example microscope images of water column phytoplankton show a mix of chain-forming diatoms present at both depths and during both seasons in
2018. Images on the left side were from samples collected during the spring while those on the right were collected during the summer.
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Table 1.3. Pearson correlation coefficients for water quality parameters for Caminada during spring of 2018 (n=6).
Temp = temperature, DO = dissolved oxygen, PN = % particulate nitrogen, POC = % particulate organic carbon,
N+N = NO3 + NO4, SiO2= Silica, NH4= ammonium, SRP= phosphorus, w-chla = water column chlorophyll a.
*Significant difference (p <0.05).
Depth
Temp
Salinity
DO
PN
POC
N+N
SiO2
NH4
SRP
w-chla

-0.96*
0.95*
-0.92*
-0.88*
-0.90*
-0.89*
-0.91*
0.63
-0.77*
-0.91*

Temp
-0.98*
0.95*
0.77*
0.78*
0.89*
0.79*
-0.59
0.84*
0.80*

Salinity

-0.96*
-0.74*
-0.77*
-0.92*
-0.78*
0.59
-0.86*
-0.78*

DO

PN

0.64
0.68
0.81*
0.69
-0.46
0.86*
0.69

POC

0.99*
0.79*
0.99*
-0.74*
0.48
0.98*

0.82*
1.00*
-0.70
0.50
0.98*

N+N

0.85*
-0.48
0.78*
0.82*

SiO2

-0.66
0.53
0.98*

NH4

-0.34
-0.65

SRP

0.56

Table 1.4. Pearson correlation coefficients for water quality parameters for Caminada during summer of 2018 (n=6).
Temp = temperature, DO = dissolved oxygen, PN = % particulate nitrogen, POC = % particulate organic carbon,
N+N = NO3 + NO4, SiO2= Silica, NH4= ammonium, SRP= phosphorus, w-chla = water column chlorophyll a.
*Significant difference (p <0.05).
Depth
Temp
Salinity
DO
PN
POC
N+N
SiO2
NH4
SRP
w-chla

-0.90*
0.97*
-0.70*
0.89*
0.88*
0.56
0.77*
0.79*
0.84*
0.80*

Temp

-0.94*
0.84*
-0.84*
-0.82*
-0.61
-0.76*
-0.66
-0.80*
-0.84*

Salinity

-0.82*
0.88*
0.86*
0.62
0.87*
0.81*
0.91*
0.89*

DO

-0.73*
-0.71*
-0.56
-0.83*
-0.52
-0.80*
-0.90*

PN

1.00*
0.44
0.86*
0.78*
0.92*
0.89*

POC

0.36
0.83*
0.79*
0.90*
0.87*

N+N

0.61
0.24
0.51
0.62

SiO2

0.79*
0.98*
0.97*

NH4

0.88*
0.72*

SRP

0.96*

Sediment
Total organic carbon and nitrogen analysis were performed for all 2-cm subsamples for
each core. The average was taken for the whole 10-cm core due to no significant differnce found
when the top 2-cm section was compared tosubsequent downcore samples (p > 0.05). Overall,
there was low organic matter in the sediment outside of the pit compared to sediment inside the
pit stations (Fig.1.7). These differences can be observed from photos taken from cores where
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muddier sediment was found inside the pit versus outside the pit (Fig. 1.8). Most stations
experienced a decrease in %TOC and %TN from spring to summer apart from station CA1_IN,
which showed the opposite trend. Higher percentage organic carbon values were recorded at
station CA1_IN with 1.80 %TOC and 2.59 %TOC for spring and summer, respectively. Percent
total nitrogen for all stations were similar (%TN < 0.1%) except for station CA1_IN where
percentage were 0.25 %TN and 0.35 %TN for spring and summer, respectively. Chl a
concentrations decreased from 17.37 ± 0.81 μg m-2 to 11.26 ± 13.77 μg m-2 for spring and
summer, respectively, for station CA1_IN. However, chl a concentrations increased from 1.05 ±
0.13 μg m-2 in the spring to 45.82 ± 2.70 μg m-2 in the summer for station CA2_IN. Overall, chl
a concentrations decreased at outside stations from 14.36 ± 5.60 μg m -2 to 7.68 ± 7.08 μg m-2 for
spring to summer, respectively.

Figure 1.7. Percent total organic carbon and total nitrogen from sediment samples at all four stations at Caminada
between inside and outside stations and amongst seasons, spring and summer of 2018.

26

INSIDE

OUTSIDE

Figure 1.8. Sediments taken from Caminada borrow pit during summer 2018 indicating the difference in substrate
found inside versus outside of the pit.

Figure 1.9. Chlorophyll a values from sediment samples at all four inside and outside stations for spring and
summer of 2018.

Microscope images of MPB show two distinct communities residing inside the pit versus
those residing outside of the pit. The diatom community inside the pit was comprised of mostly
single-cell centric diatoms, whereas the outside pit stations were mostly single-cell pennate
diatoms (Fig. 1.10). No differences were seen between spring versus summer. Centric diatom
Coscinodiscus spp. dominated the MPB community at stations CA1_IN and CA2_IN, while a
mixture of pennate diatoms was found at outside stations, CA3 and CA4 (Fig. 1.10).
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Figure 1.10. Example microscope images of microphytobenthos show two distinct communities residing inside the pit, images on the top, versus those residing
outside of the pit, images on the bottom. Images on the left side were from samples collected during the spring 2018 while those on the right were collected
during the summer 2018.
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Discussion
Dredging creates unique depressional habitats on the otherwise nearly featureless
Louisiana continental shelf. Seasonal variability (water column) and sediment substrate
and microbial activity (sediments) were the dominant factors in this study driving the
differences inside versus outside of the borrow pit. The bottom-water inside the Caminada
borrow pit had consistently higher salinities (34.0 – 34.8) when compared to outside pit (22.8 –
30.5) in spring and summer, respectively, indicating less physical mixing, increased
stratification, and low water flow inside the pit. Alongside higher salinities, low dissolved
oxygen concentrations (1.42 – 1.93 µg L -1) were detected inside the pit in both spring and
summer. Strong stratification of the water column can act as a barrier to vertical exchanges of
oxygen, especially in summer, and can become a key factor in the formation of hypoxia
(Allahdadi 2014). Furthermore, high microbial activity can also reduce dissolved oxygen to
critical levels due to high organic matter decomposition at depth. Consequently, sediment
substrate type and the amount of organic matter deposition were likely important forces behind
the variability in available oxygen in stations inside versus outside of the borrow pit. Inside
stations had finer sediments, while outside stations were mostly sandier. Previous studies have
found that the sediments found in frequently hypoxic regions, like the northern Gulf of Mexico,
are comprised of finer sediments, similar to those found inside the borrow pit (Briggs et al. 2009,
Mickey et al. 2014). In another related study, sediment oxygen consumption (SOC) rates were
found to be significantly higher inside the Caminada borrow pit when compared to outside
stations as a result of higher organic matter accumulation and less physical mixing (Thompson
2020). Microbial respiration strongly affects the available O2 to the sediment, particularly in
fine-grained sediment (Burdige 2011). A previous study from the northern Gulf of Mexico
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region has shown that peaks of oxygen consumption consecutive to maxima of water column chl
a suggest a certain dependency of benthic microbial activity to the water column primary
production (Mickey et al. 2014).
Nutrients associated with high river discharge in the spring from the Mississippi
River drives higher primary production in the water column. Mississippi River discharge was
high in the spring of 2018 followed by a steep decline in the following months, shown in
Fig.1.11. High surface water productivity in spring corresponded to high nutrient levels,
indicated by increases in chl a concentrations and particulate organic carbon and nitrogen.
Spring phytoplankton bloom led to a summertime deposition of organic matter at depth.
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Figure 1.11. Mississippi River discharge for 2018 recorded from a USGS station in Belle Chasse, LA (USGS
07374525). Box denotes approximate sampling dates.

High chl a concentrations found in surface water in spring followed up high summer chl a
concentrations of bottom water and sediment samples inside the pit stations CA1_IN and
CA2_IN. Typically, when surface water phytoplankton blooms naturally die and sink, they
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become deposited on the sediment surface promoting nutrient remineralization by the sediment
microbial community and possible resuspension of these bio-available nutrients back into the
water column. However, these borrow pits creates unique low-flow habitat that causes increase
in organic matter retention and hinder the resuspension, allowing freshly deposited organic
matter to be utilized by the microbes for a longer time period and support local
microphytobenthos community on the sediment surface of the borrow pit compared to outside of
the pit.
Microbial remineralization and subsequent release of bio-available nutrients are
important processes to support viable MPB community (e.g. Risgard-Peterson 2003, Sundback et
al. 2011). High concentrations of ammonium in bottom water samples inside the pit was detected
during summer months due to remineralization of deposited organic matter, since the main
pathway for organic nitrogen to be converted to the inorganic form is ammonium. Release of
ammonium stimulates nitrification in oxygen rich environments and releases nitrate. However,
due to low oxygen levels found in our study site, nitrification was possibly suppressed inside the
borrow pit and retained higher levels of ammonium, which is thought to be the preferred source
of nitrogen for phytoplankton growth (Wawrik et al. 2004). Furthermore, enhanced benthic
silicate flux in hypoxic regions could also support a viable MPB community, especially diatoms
by supplying silica necessary for their frustule formation (Sigmon and Cahoon 1997, Baustian et
al. 2011, and Ebner 2019). Silica concentrations inside Caminada borrow pit were highest during
the summer months for station CA1_IN and CA2_IN, 35.25 and 33.05 μM, respectively. These
concentrations are 30 times greater than silica concentrations found outside of the borrow pit
during the summer. Thus, high concentrations of available silica and ammonium are likely the
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causation of the viable, productive, and unique MPB community inside the Caminada borrow pit,
dominated mainly by large, single-cell centric diatom Coscinodiscus spp.
A large percentage (~50%) of the MPB samples collected in previous studies were
comprised of moderately to heavily silicified pelagic diatoms sinking from the surface (Dortch et
al. 2001, Baustian et al. 2011). However, unique MPB communities with high biomass in the
mid-to-late summer/early fall off the central coast of Louisiana from shallow, sandy shoals and
deeper muddier sites were also found to be composed of mostly pennate diatoms and filamentous
cyanobacteria that are not associated with the water column (Grippo et al. 2009, 2010, Baustian
et al. 2011, 2013). Notably, Baustian et al. (2013) also found pelagic centric diatoms, e.g.
Coscinodiscus and the chain forming Skeletonema spp., to be observed in 80% of the sediment
samples collected during mid-summer of 2006-2008 in low abundances and attributes this to size
and faster sinking rates. Previous studies have found Coscinodiscus to adapt well to low light and
low oxygen conditions (McGee et al. 2008, Baustian et al. 2011, 2013). Baustian et al. (2013)
note that bottom-water samples contained Coscinodiscus spp. as one of the common species
observed in hypoxic waters found at the sediment-water interface. Although Coscinodiscus spp.
was not the dominant diatom seen in Caminada bottom-water samples in this study, they were
the dominant species found in sediment samples from inside pit stations. Low light and low
oxygen adaptation, and increased nutrients together provided the necessary conditions to this
heavily silicified centric diatom Coscinodiscus spp. to thrive inside the pit, especially in the
summer.
Diatom-dominated biofilms and their excretion of extracellular polymeric substances
(EPS) have been linked to increased soil stabilization in coastal ecosystems (e.g. Tolhurst et al.
2002, Hubas et al. 2018, Valentine & Mariotti 2020). The experimental results of Valentine and
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Mariotti (2020) suggest that biofilms increase soil stabilization with increase in nutrient additions
and that a mature biofilm is capable of preventing sediment erosion even for extremely high
shear stress. The discovery of these well-established, diatom dominated MPB community within
the borrow pit can also potentially aid in the stabilization of these sediments during infill. The
stabilization of the soil by EPS from diatom excretions found inside the pit can prevent slope
failure that is a common occurrence in borrow pits (Obelcz 2017).
The reliance of sand from an offshore resource for immediate coastal restoration projects
depend on dredging as the main removal mechanism. However, little research has been done to
understand how dredging impacts the water quality and microorganisms. Understanding the role
dredging plays in water quality and productivity of a system is important to the management of
future coastal protection and restoration projects in need of this sand. Highly productive systems
lead to deposition of organic matter onto the sediment surface and could potentially speed up the
infilling rate of borrow pits. Furthermore, the recently deposited organic matter within these
borrow pits can be stabilized by the production of EPS from the diatom-dominated MPB
community and can hinder the resuspension of these finer sediments and allow for faster
infilling. Previous studies have predicted that it takes only 3-5 years to fill up some sandy pits on
Ship Shoal (Nairn et al. 2005). As sea levels continues to rise and Louisiana suffers the brunt of
wetland loss, it is of growing concern to combat this land loss with the reconstruction of barrier
islands that use offshore sand resources. The data presented in this chapter aids to inform coastal
management for changes related to water quality and overall system productivity of borrow pits
created as a result of coastal restoration project.

Conclusion
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Understanding the water quality and the community composition of phytoplankton and
MPB of Caminada borrow pit is imperative to assess the overall impact of dredging. Our
observations led us to conclude that the delivery of inorganic nutrients from the Mississippi
River during the spring season facilitated the proliferation of algal blooms in the surface water
that were quantified through chl a and other accessory pigments analyses and further validated
using microscopy to determine the dominant groups. High primary production during the spring
led to organic matter sinking and subsequently being trapped inside the pit. The low-flow
environment inside the borrow pit hindered the oxygenation and resuspension of the newly
settled organic matter allowing time for remineralization through microbial decomposition.
Increased microbial activity inside the borrow pit during the summer led to the release of
inorganic nutrients that became bioavailable for the MPB to utilize and establish a viable
community that is different from both surrounding sandy shoal sediments and water column
phytoplankton. The establishment of this unique MPB community likely leads to soil
stabilization inside of the borrow pit and may contribute to faster infilling rates.
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Chapter 2. Water Quality, Phytoplankton, and Microphytobenthos Dynamics
of Sediment Borrow Areas on the Louisiana Continental Shelf: A Case Study
of Sandy Point Borrow Pit
Introduction
In coastal states of the Gulf of Mexico and the Atlantic Ocean, large areas of coastal land
have been destroyed since the mid-1800’s as a result of natural processes and human activities.
The physical factors that have the greatest influence on coastal land loss are reductions in
sediment supply, relative sea level rise, and frequent storms, whereas the most important human
activities are sediment excavation, river modifications, and coastal constructions (Morton 2003).
Particularly the state of Louisiana has been experiencing accelerated coastline retreat and land
loss, with rates amongst the highest in the world since the 1930’s (Penland et al. 1988, 1990,
2005, Dietz et al. 2018, Luijendijk et al. 2018). The delta region and many of the barrier islands
along coastal Louisiana were formed as a result from the constructional phase of the delta cycle
of the Mississippi River (Penland 1990, Alexander et al. 2012). The current morphology of
coastal Louisiana is the result of the natural processes of the Mississippi River Delta complexes
lobe switching and the formation of the bird-foot delta.
In order to combat coastal land loss in coastal Louisiana, dredged sediment from offshore
areas on the northern Gulf of Mexico continental shelf are being excavated and supplied to
degraded barrier island complexes (CPRA 2017). Dredged sand from the outer continental shelf
of Louisiana is managed by the Bureau of Ocean Energy Management (BOEM) and allocated to
the Coastal Protection and Restoration Authority (CPRA) of Louisiana for construction and
restoration projects. In the northern Gulf of Mexico, there are two major types of borrow areas
from which sand resources are excavated: mud-capped borrow pits and sandy borrow pits. Sand
from buried paleochannels off the Mississippi River Delta, such as Sandy Point borrow pit, have
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recently been developed as a sand resource for barrier island re-nourishment (O’Connor 2017).
Unlike sandy shoals, excavating sand from paleochannels in the Gulf of Mexico requires
penetrating through a large muddy overburden due to the seabed of the continental shelf off the
coast of Louisiana capped by a layer of mud sourced from the Mississippi and Atchafalaya River
mouths (O’Connor 2017). The excavation sites produced during dredging paleo-river channels
with a muddy overburden have been referred to as mud-capped borrow pits (MCDPs) (Obelcz et
al. 2018, Wang et al. 2018). One advantage of MCDPs is that they are often closer to areas in
need of restoration, eliminating the need to transport large amounts of sand to areas that may not
have native sand resources. This shorter distance reduces the costs of transportation via barges or
pipelines (Nairn et al. 2005). However, infill rates for mud-capped borrow pits were predicted to
be 5 to 10 years after dredging and sandy pits were predicted to fill more rapidly, 3 to 5 years
after dredging (Nairn et al. 2005). In the muddy environment close to Mississippi River bird-foot
delta, there are three possible sediment sources that may contribute to borrow pit infilling, which
are resuspension and subsequent advection outside of the pit, river plume, and pit wall collapse,
but it is unclear which source plays a dominant role (Liu et al. 2018). Primary producers, such as
microphytobenthos (MPB) and phytoplankton, may also play an important role in the infilling
rate of these borrow pits.
Water quality and primary producer communities are understudied within borrow pits
and can be crucial in the management and ecological recovery of these systems from the
dredging disturbance. The relatively high productivity of the Mississippi River plume has been
associated with high inputs of nutrients into coastal waters (Rabalais et al. 1996, 1999, 2002,
Lohrenz et al. 1997, Dagg et al. 2004). Since a spike in agricultural land use practices beginning
in the 1950’s, records of nutrient loading associated with river discharge have shown substantial
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increases (Goolsby et al. 1999, 2001), and various types of evidence have been cited to support
that primary production by phytoplankton has also increased (Lohrenz et al. 1997, Rabalais et al.
1999).
Surface and bottom water chlorophyll a (chl a) concentrations (an indicator of
phytoplankton biomass) have been reported as being similar to one another at stations near the
mouth of the Mississippi River (Lehrter et al. 2014) due to this region being heavily influenced
by the transport of freshwater and high nutrients (Chakraborty & Lohrenz 2015). Less is known
about MPB within the Mississippi River plume area. Previous studies that focused on the shifts
in phytoplankton community structure in the immediate plume area of the Mississippi River and
the inner shelf of the northern Gulf of Mexico identified changes in river discharge and the
associated variations in nutrient ratios, light and stratification as the important controlling factors
(Dortch & Whitledge 1992, Dortch et al. 2001, Schaeffer et al. 2012). Seasonal variability plays
an important role in phytoplankton community in this region. High spring river discharge
characteristics of the Mississippi River can alter the community structure as energetic systems
have been argued to favor large-celled phytoplankton such as diatoms and chlorophytes
(Margalef 1978, Chakraborty & Lohrenz 2015) in contrast to stratified summer conditions where
small size picoplankton have been reported as prominent due to warmer water temperatures and
nutrient limitations (Paerl 1996, Schaeffer et al. 2012, Chakraborty & Lorhenz 2015).
The main research question of this study is: How will environmental conditions, nutrient
dynamics, and primary productivity differ inside the borrow pit from stations outside the pit at a
river-dominated mud-capped borrow pit? By answering this question, this present study serves
as the foundation for understanding how water quality and community structure of primary
producers aid in the evolution and recovery of a river-influenced mud-capped borrow pit on the
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continental shelf and to provide a comprehensive analysis of the complex interactions of borrow
pits and the surrounding water column.

Materials and Methods
Study Site and Field Sampling
Sandy Point borrow pit, located 20 km west of the Mississippi bird-foot delta, was
selected as our study site to study water quality, phytoplankton, and microphytobenthos. Sandy
Point was excavated in 2012 for Pelican Island barrier island restoration project with a total
estimated cost of $52 million (project number: BA-38) (Fig. 1). Approximately 0.9 million m3 of
muddy overburden was removed to access ~2.7 million m3 of sand that was dredged and
transported 20 km northward to the island fill site (Pelican Island Restoration 2013). The nearest
major sources of river sediment are found to be 12.5 km offshore from Grand Pass and 25 km
offshore from Southwest Pass of the Mississippi River to Sandy Point borrow pit (O’Connor
2017). Previous studies from Sandy Point have reported an average infilling rate of 54 cm yr -1
and is predicted to completely filled within ∼15 years (Obelcz et al. 2018).
To further understand the implications of dredging on Sandy Point borrow pit water
quality on a seasonal scale, water samples and sediment cores were taken inside and outside of
the borrow pit in spring (May) and late summer (September) of 2019. Samples were taken at four
stations, two within the borrow area (inside - IN stations) and two outside of the borrow area
(outside - OUT stations) (Fig. 2). Inside stations are labeled as station SP1_IN (29°05.9142' N,
89°30.607' W) and station SP2_IN (29°06.246' N, 89°30.577' W), while outside stations are
labeled as station SP3 (29°07.788' N, 89°31.350' W) and SP4 (29°06.189' N, 89°30.919' W).
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Figure 2.2. A. Pelican Island located in coastal Louisiana. B. An aerial view of the Pelican Island, a barrier island
structure of coastal Louisiana (Photo from CPRA).

Water samples were collected using a five-liter Niskin bottle at each station at surface
(one meter below the surface) and bottom (one meter above the sediment floor) depths and
stored in clean one-liter polypropylene bottles in the dark on ice for later chemical and biological
analyses in the laboratory. Intact sediment cores were collected via multicorer using 10 cm
diameter and 58 cm length of polycarbonate core tubes from inside and outside stations. A box
corer was utilized when substrate was mostly sand and could not be penetrated with multicorer;
the same core tubes were used to collect subsamples from box corer.
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Figure 2.2. Map of the study site, Sandy Point borrow pit, located on the Louisiana continental shelf near Southwest
Pass. Inserted box indicates the sampling stations for the study sampled in 2019.

Laboratory Analyses
Water Column:
Chemical Analyses

Fifteen milliliter subsamples were taken from each one liter bottle at each depth for
dissolved inorganic nitrogen (NO3 + NO2 and NH4 -N), phosphorus (SRP-P), and silica (SiO2)
and filtered through 0.45 μm syringe filters, collected in acid washed plastic 20 mL
scintillation vials, and kept on ice until returning to the lab. Upon return to the lab, samples
were stored at -20°C until further analysis. NH4-N was measured according to EPA Method
350.1 (O'Dell, 1993a), NO3 +NO2 measured according to EPA Method 353.2 (O'Dell, 1993b),
and SRP (PO4) measured according to EPA Method 365.1 (O'Dell, 1993c). SiO2 concentrations
were quantified on filtered subsamples using an O.I. Analytical Flow Solutions IV Autoanalyzer
(APHA Method 4500-SiO2).
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Biological Analyses

The concentrations of chlorophyll a (chl a) were determined at all stations as an estimate
of phytoplankton biomass. Upon return to the lab, in dim lighting, fifty-millimeter subsamples
(n=3) were filtered through 25 mm GF/F filters and stored at -20 °C until further analysis. Filters
were then extracted for 24 hours in 90% acetone at -20 °C. Fluorescence was measured in
extracted samples before and after acidification with HCl using Turner fluorometer 10-AU in
low light according to Parsons et al. (1984). Bulk phytoplankton groups were also identified
using signature pigments ratios. Identification of diagnostic pigments was identified through
High Performance Liquid Chromatography (HPLC) following Pinckney et al. (1998) at the
HPLC Photopigment Analysis Facility at University of South Carolina. Samples were vacuum
filtered through 25mm GF/F filters and stored at -20 °C in a foil-wrapped 15 mL centrifuge tube
until analysis. In summary, photopigment samples were prepared by lyophilization (-50 EC, 0.57
mbar, 12 h; Labconco FreeZone 2.5) to remove all excess water, cut into 6 equal sections and
placed in the microfuge tube, extracted 90% acetone (500 - 1,500 μl), and stored at -20 °C for 18
- 20 hours. Each sample has the addition of 50 μl of an internal standard, synthetic carotenoid ßapo-8'-carotenal (Sigma, cat. no. 10810). Extracts are then injected into an HPLC system
equipped with reverse-phase C18 columns in series (Rainin Microsorb-MV, 0.46 ×10 cm, 3 mm,
Vydac 201TP, 0.46 × 25 cm, 5 mm). A nonlinear binary gradient, adapted from Van Heukelem
et al. (1995), was used for pigment separations. Solvent A consisted of 80% methanol and 20%
ammonium acetate (0.5 M adjusted to pH 7.2), and Solvent B was 80% methanol and 20%
acetone. Absorption spectra and chromatograms were acquired using a Shimadzu SPD-M10av
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photodiode array detector, where pigment peaks were quantified at 440 nm (Pinckney et al.
1997,1998)
The following accessory pigments were quantified as the signature pigment group:
Chlorophyll c3, Chlorophyll c1 c2, Peridinin , 19'-Butanoyloxyfucoxanthin, Fucoxanthin, 19'Hexanoyloxyfucoxanthin, 9' cis-Neoxanthin, Prasinoxanthin, Violaxanthin, Myxoxanthophyll,
Diadinoxanthin, Antheraxanthin, Alloxanthin, Monadoxanthin, Diatoxanthin, Lutein,
Zeaxanthin, Gyroxanthin, Canthaxanthin, Carotenal (internal standard), Bacteriochlorophyll a ,
Chlorophyll b, Crocoxanthin, Chlorophyll a – allomer, Divinyl Chlorophyll a, Chlorophyll a',
Echinenone, α Carotene, and ß Carotene. The phytoplankton community composition based on
the diagnostic pigment ratio by specific functional groups was calculated using the formula
below from Wang et al. (2015), where DP is the sum of the weighted concentrations of all
diagnostic pigments which was used to find the overall contribution by group of the
phytoplankton characteristic of this region and their associated accessory pigments.

DP=1.41Fuco +1.41Per +0.60 Allo +0.35 But-fuco +1.27 Hex-fuco +1.01chl + 0.86 Zea

The functional groups chosen were haptophytes (19'- Hexanoyloxyfucoxanthin, Hex-fuco),
chlorophytes (Chlorophyll b), cryptophytes (Alloxanthin (Allo)+ α Carotene), cyanobacteria
(Zeaxanthin, Zea), diatoms (Fucoxanthin (Fuco) + Diatoxanthin + Diadinoxanthin), and
dinoflagellates (Peridinin, Per) (Paerl et al. 2003, Liu et al. 2019).
Microscopy analysis was conducted in order to verify pigment ratios and identify the
most dominant phytoplankton species. One-hundred milliliters of water samples (n =3) from
each station at each depth were preserved in 2% glutaraldehyde. Microscopy analysis was
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performed using an Axio Observer – A1 inverted microscope (Axiovert 135, Zeiss) using
Sedgewick-Rafter slides.

Sediment:
Chemical Analyses

Total organic carbon and nitrogen was collected and analyzed via a Costech 1040
Elemental Combustion Analyzer according to EPA method 440 using high temperature
combustion (Zimmermann et al. 1997). Top ten centimeters of each core was sliced into twocentimeter increments and each increment of sediment was used for the analysis to determine
percent contribution of carbon and nitrogen to the total sample. Each two-centimeter section was
analyzed, and the average was used due to no significant differnce found when the top 2-cm
section was compared to subsequent downcore samples(p > 0.05). Subsamples from each slice
were dried at 50 °C using a Fisher Scientific Isotemp Incubator. Weights were recorded for each
sediment subsample prior drying and removed from the drying oven once a constant weight was
reported after at least a 24-hour period to ensure all moisture was removed from the sample.
Sample weights were recorded after constant weight was achieved. Dried sediment samples were
grounded using a traditional mortar and pestle and homogenized using a 125 µm sieve. Samples
were weighed out into Costech silver capsules and fumigated in a vacuum-sealed glass
desiccator alongside 12N hydrochloric acid (HCl) for 12 hours to remove all inorganics (Hedges
et al. 1984, Hedges & Stern 1984, Zimmerman et al. 1997).

Biological Analyses
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Sediment cores were taken at each station and the top 0.5-centimeter sliced were placed
into 50-mL centrifuge tubes, placed on ice and kept in the dark. Samples were preserved in 2%
glutaraldehyde upon arrival to laboratory and kept at 4°C until further microscopy and sediment
chl a analysis. Sediment chl a concentrations were determined at all stations as an estimate of
MPB biomass. Samples were frozen at -20°C upon arrival to the lab for further analysis. Once
thawed, the samples were mixed well using a small spatula and weighed so that each sample is ~
3-4 grams. For extraction, 92% acetone was added to each sample and shaken to mix well. Each
sample was sonicated at an amplitude intensity of 25% for 30 seconds and allowed to rest for
~16 hours in the refrigerator. Fluorescence was measured in extracted samples before and after
acidification with HCl using Turner fluorometer 10-AU in low light according to adapted from
Dalsgaard et al. (2000). Microscopy observations were performed using an Axio Observer – A1
inverted microscope (Axiovert 135, Zeiss) using a Sedgewick-Rafter slide to identify the most
dominant MPB species.

Statistical Analysis
Two-sample T-tests of equal variance were used to indicate significant differences
between inside versus outside stations and between surface and bottom samples for the water
column. In order to test for differences between seasons, a series of paired T-tests were
performed. Furthermore, a Pearson correlation coefficient test was run to investigate the
association between variables of interest for the water column. Coefficients were reported
between -1 and 1 to determine a perfect positive or negative correlation. All statistics were
performed with RStudio.
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Results
Water Column
Environmental conditions were found to be variable between seasons for stations inside
and outside of the pit (Table 2.1). Average depth from the surface of the water was 16.65 ± 0.25
m inside the Sandy Point borrow pit and 10.05 ± 0.57 m outside the pit. Both surface and bottom
water temperatures were significantly higher in the summer (29.5 ± 1.5 °C) compared to spring
(23.6 ± 1.3 °C) (p =0.001). Surface-water temperatures were not significantly different when
compared to bottom water temperatures for spring (p > 0.05), but there was a significant
difference seen in the summer (p = 0.002). Surface-water salinity was similar for all stations (p >
0.05) but significantly differed for spring and summer averaging 16.03 ± 2.8 and 23.65 ± 2.8,
respectively (p = 0.008). Spring bottom-water salinity differed between inside and outside pit
averaging 34.7 ± 0.14 and 31.7 ± 0.0, respectively (p = 0.001), while summer bottom-water
salinity was similar for all stations averaging 31.4 ± 0.58 (p > 0.05). Salinity differed
significantly between surface and bottom water samples for the spring and summer (p = 0.001
and p = 0.002, respectively). Surface-water dissolved oxygen (DO) concentrations for spring and
summer were significantly different averaging 8.8 ± 0.26 mg L-1 and 6.4 ± 0.61 mg L-1,
respectively (p = 0.001). Bottom-water DO concentrations were similar for spring and summer
averaging to 3.1± 1.1 mg L-1 (p > 0.05). DO concentrations were significantly higher in the
surface water compared to bottom water for all stations for spring and summer (p < 0.001 and p
< 0.001, respectively). SP2_IN was the only station to reach DO concentration below the
hypoxia threshold (2 mg L-1) in the spring. Overall, temperature and DO were negatively
correlated with depth in both spring and summer and salinity was positively correlated with
depth in the spring (Table 2.3 and 2.4).

45

Table 2.1. Water quality parameters for the inside and outside stations in Sandy Point for spring and summer of
2019 (Temp = temperature, DO=dissolved oxygen).
Spring
Station

Depth

SP1_IN
SP2_IN
SP3
SP4

0.47
16.47
0.52
16.83
0.7
10.45
0.72
9.64

Temp
(°C)
25.1
22.6
25.7
22.5
22.6
22.9
24.5
23.1

Summer

Salinity

DO (mg L-1)

15.8
34.6
19.8
34.8
15.4
31.7
13.1
31.7

9.0
2.8
8.8
1.8
8.5
2.4
9.0
4.9

Temp
(°C)
31.1
27.5
30.4
27.5
30.3
29.0
31.5
28.9

Salinity
20.8
31.9
22.8
31.9
23.5
30.8
27.5
31

DO (mg L-1)
5.6
2.3
6.4
2.8
6.9
3.0
6.8
4.6

In general, Sandy Point borrow pit had higher NH4 and SiO2 concentrations in the
summer when compared to the spring, while NO2 + NO3 and SRP concentrations were variable,
shown in Table 2.2. Overall, NO2 + NO3 concentrations were higher in spring (25.2 ± 13.5 µM),
than summer (5.4 ± 4.8 µM) (p = 0.002). Spring surface N+N concentrations were higher than
bottom (32.9 ± 15.7 µM and 17.4 ± 4.7 µM, respectively) and the opposite was true for the
summer, where surface concentrations were lower than bottom water (1.3 ± 0.25 µM and 9.6 ±
2.7 µM, respectively). Spring ammonium (NH4) concentrations were significantly lower in
surface water (2.6 ± 2.6 µM) when compared to bottom water (18.3 ± 6.0 µM) for all stations (p
= 0.003). On the other hand, surface-water NH4 concentrations significantly increased in summer
(36.4 ± 9.6 µM) compared to spring (p < 0.001). but were still significantly lower than
concentrations detected at depth (49.1 ± 8.0 µM) for the summer. Bottom-water concentration of
NH4 were higher in the summer when compared to spring (p < 0.001). SRP values were similar
between seasons and consistently higher values were detected at depth (p > 0.05). Surface SRP
concentration were 0.3 ± 0.2 µM and 0.1 ± 0.2 µM for the spring and summer, respectively (p >
0.05), while bottom SRP concentrations were 0.8 ± 0.3 µM and 0.9 ± 1.0 µM for the spring and
summer, respectively (p > 0.05). Silica (SiO2) concentrations were averaging 15.5 ± 3.8 µM in
spring and 32.4 ± 8.1 µM in summer. SiO2 concentrations were higher both at the surface and
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depth during summer compared to spring for all stations (p < 0.001). NH4 and SRP were
positively correlated with depth in the spring, while N+N was positively correlated with depth in
the summer (Table 2.3 and 2.4).
Table 2.2. Summary of dissolved inorganic nutrients (μM) from water samples collected during spring and summer
of 2019, NO2+NO3 = Nitrate + Nitrite, SiO2= Silica, NH4= ammonium, SRP= phosphorus ‘bd’ indicated samples
were below detection.

Station

Depth

SP1_IN

Surface
Bottom
Surface
Bottom
Surface
Bottom
Surface
Bottom

SP2_IN
SP3
SP4

NO2+NO3
(μM)
17.1
18.4
50.0
10.7
22.3
18.8
42.0
21.7

Spring
NH4
SRP
(μM) (μM)
0.6
0.1
11.4
0.9
3.5
0.5
16.0
0.7
5.9
0.1
25.5
1.2
0.4
0.4
20.3
0.5

SiO2
(μM)
14.6
15.3
14.2
13.0
15.9
22.8
9.9
18.6

NO2+NO3
(μM)
0.9
11.3
1.4
6.3
1.5
12.3
1.3
8.6

Summer
NH4
SRP
(μM) (μM)
27.8
0.4
45.6
0.0
44.7
0.0
39.3
0.0
28.4
0.1
56.0
2.1
44.7
0.0
55.3
1.4

SiO2
(μM)
41.8
30.2
27.6
18.7
38.8
36.9
39.6
25.9

The surface-water chl a concentrations were higher in the spring at all stations (7.49 ±
0.52 μg chl a L-1) compared to bottom-water chl a concentrations (0.73 ± 0.13 μg chl a L-1) (Fig.
2.3). However, surface-water chl a concentrations were even higher in summer compared to
spring for all stations, except SP2_IN, with a mean value of 14.32 ± 1.3 μg chl a L-1. Bottomwater chl a concentrations were slightly higher in the summer compared to spring but remained
significantly low compared to surface chl a concentrations (p = 0.001). Overall, chl a was
positively correlated with temperature and DO and negatively correlated with depth and salinity
for both spring and summer. Additionally, chl a concentrations were negatively correlated with
NH4 and SRP in the spring, while positively correlated to SiO2 in the summer (Table 2.3 and
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2.4).

Figure 2.3. Chlorophyll a (chl a) values for the water column stations at Sandy Point between the two seasons,
spring and summer of 2019, for surface and bottom water depths. Error bars represent standard deviation.

The phytoplankton community composition by taxonomic groups based on the selected
diagnostic pigments indicated that the surface community inside and outside of the borrow pit
were largely made up of chain forming diatoms in the spring and a mix of cyanobacteria and
diatoms in the summer (Fig. 2.4). Bottom-water community composition for all stations during
the spring were mostly made up of diatoms and summer samples were a mix of cyanobacteria,
dinoflagellates, and diatoms. In general, diatoms were most abundant in the spring at both
depths, more visible in the inside the pit. Chlorophytes were also abundant in the spring surface
water but that was replaced with cryptophytes at depth. In summer, diatoms were less abundant
compared to spring at both depths and mostly replaced with cyanobacteria, especially at station
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SP2_IN. Notably, dinoflagellates became also abundant during the summer at depth at all
stations.
Microscopy observations revealed the diatom community to be mostly dominated by
chain-forming centric diatoms, however no clear distinction was shown in species diversity
between inside and outside of the pit (Fig. 2.5). The diatoms Coscinodiscus spp, Thalassiosira
spp., and Chaetacerous spp. were the most dominant diatom species observed.

Figure 2.4. Phytoplankton community composition by taxonomic groups based on diagnostic pigments between the
two seasons, spring and summer of 2019, for surface and bottom water depths. Most notably diatoms are represented
by the solid black fill and cyanobacteria are represented by diagonal line pattern fill.
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Figure 2.5. Example microscope images of water column phytoplankton show a mix of diatoms present at both depths and during both seasons in 2019. Images
on the left side were from samples collected during the spring while those on the right were collected during the summer.
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Table 2.3. Pearson correlation coefficients for water quality parameters for Sandy Point during spring of 2019 (n=6).
Temp = temperature, DO = dissolved oxygen, N+N = NO3 + NO4, NH4= ammonium, SRP= phosphorus, SiO2=
Silica, w-chla = water column chlorophyll a. *Significant difference (p <0.05).

Temp
Salinity
DO
N+N
NH4
SRP
SiO2
w-chla

Depth

Temp

Salinity

DO

N+N

NH4

SRP

SiO2

-0.73*
0.95*
-0.96*
-0.63
0.71*
0.72*
0.28
-0.92*

-0.64
0.75*
0.72*
-0.66
-0.4
-0.37
0.77*

-0.96*
-0.56
0.84*
0.78*
0.48
-0.92*

0.64
-0.85*
-0.82*
-0.47
0.94*

-0.52
-0.20
-0.39
0.63

0.77*
0.78*
-0.86*

0.55
-0.76*

-0.47

Table 2.4. Pearson correlation coefficients for water quality parameters for Sandy Point during summer of 2019
(n=6). Temp = temperature, DO = dissolved oxygen, N+N = NO3 + NO4, NH4= ammonium, SRP= phosphorus,
SiO2= Silica, w-chla = water column chlorophyll a. *Significant difference (p <0.05).

Temp
Salinity
DO
N+N
NH4
SRP
SiO2
w-chla

Depth

Temp

Salinity

-0.97*
0.89*
-0.95*
0.83*
0.43
0.20
-0.66
-0.77*

-0.8
0.90*
-0.79*
-0.37
-0.15
0.72*
0.81*

-0.79*
0.84*
0.69
0.34
-0.56
-0.74*

DO

-0.88*
-0.43
-0.34
0.51
0.74*

N+N

0.71
0.61
-0.34
-0.78*

NH4

0.63
-0.35
-0.74*

SRP

SiO2

0.10
-0.39

0.79*

Sediment
Total organic carbon and nitrogen analysis were performed for all 2-cm subsamples for
each core. The average was taken for the whole 10-cm core due to no significant difference
found when the top 2-cm section was compared to subsequent downcore samples (p > 0.05).
Overall, there was low organic matter in the sediment outside of the pit (1.03 %TOC and 0.12
%TN) compared to sediment inside the pit stations (2.02 %TOC and 0.21%TN) for both seasons
combined (Fig.2.6). All stations experienced a decrease in %TOC (1.63 to 1.42 %) and %TN
(0.17 to 0.14 %) from spring to summer (p = 0.006 and p = 0.03, respectively), apart from station
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SP3, which showed the opposite trend. Differences in sediment type were not observed from
sediment cores taken at Sandy Point at stations inside and outside of the borrow pit (Fig. 2.8).
Sediment chl a concentrations decreased from 20.05 ± 1.3 μg m-2 in the spring to 1.81 ±
0.41 μg m-2 in the summer for station SP1_IN. However, sediment chl a concentrations increased
from 3.44 ± 0.27 μg m-2 in the spring to 15.08 ± 7.83 μg m-2 in the summer for station SP2_IN.
Sediment chl a concentrations at outside stations decreased from spring to summer (13.94 ± 1.75
μg m-2 to 9.40 ± 5.47 μg m-2 respectively). Microscopy observations of MPB showed a mix of
diatoms residing inside and outside of the borrow pit (Fig. 2.9). No differences were seen
between spring versus summer or amongst stations. Centric diatom Coscinodiscus spp.
dominated the MPB community at all stations (Fig. 2.9).

Figure 2.6. Percent total organic carbon and total nitrogen for sediment samples at all four stations at Sandy Point
between inside and outside stations and amongst seasons, spring and summer of 2019.
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Figure 2.7. Chlorophyll a values from sediment samples at all four inside and outside stations for spring and
summer for 2019.

Figure 2.8. Sediments taken from Sandy Point borrow pit during summer 2019 indicating no differences in detected
substrate found inside versus outside of the pit.
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Figure 2.9. Example microscope images of microphytobenthos show a mix of diatoms residing both inside and outside of Sandy Point borrow pit during the
spring and summer of 2019. Images on the left side were from samples collected during the spring while those on the right were collected during the summer.
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Discussion
Sandy Point borrow pit sediment type and sedimentation rate are controlled primarily by
the distribution of sediment escaping smaller passes north of Southwest Pass, such as Grand
Pass, West Bay, and Small Cuts (O’Connor 2017) and can have episodic sediment deposition
associated with cold fronts (Chaichitehrani et al. 2019). Sandy Point is not located directly
proximal to any major Mississippi River distributaries but is within the intermittently active
clockwise gyre of the Louisiana Bight that advects the river plume over Sandy Point (Walker et
al. 1996). In 2019, the Mississippi River experienced higher than normal discharge rates for a
prolonged amount of time when compared to the previous year (Fig. 2.10). The proximity of the
Mississippi River to Sandy Point delivered fresher, nutrient-rich water to the borrow pit, which
was heavily influenced by high river discharge from January to July of 2019 that yielded in a

Discharge (m3s-1)

well-mixed and highly productive environment with small differences detected between inside

Figure 2.10. Mississippi River discharge during 2019 recorded from a USGS station in Belle Chasse, LA (USGS
07374525). Boxes indicate approximate sampling dates for each year.

and outside of the pit. Lehrter et al. (2014) reported surface temperatures of 30°C and salinity of
28.1 at a station near Sandy Point borrow pit during field sampling cruises in September 2006,
April 2007, and August 2007, similar to what had been seen during the sampling period of this
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study. Discharge was significantly lower in September of 2019 that has allowed increase in
biological nutrient uptake.
Previous studies have found that nitrogen and phosphorus loading to inland and coastal
waters from Mississippi River relieves nutrient limitation and promotes algal growth (Turner &
Rabalais 1991, Rabalais et al. 1996, Turner et al. 2007). Interannual variability in nutrient and
phytoplankton bloom dynamics (distribution, abundance, and species composition), on the other
hand, are mainly due to the effects of the timing, duration, and magnitude of Mississippi River
water diverted into Louisiana coastal waters. Therefore, prolonged high discharge rates observed
from January to July of 2019 from the Mississippi River could have provided the necessary
nutrients for phytoplankton growth that led to high surface-water chl a values found during
spring and summer inside and outside of the borrow pit, alike. Microbial remineralization that
results in the release of NH4, especially in the summer, and periodic resuspension of sediments in
this highly energetic area could also have played a role in high chl a concentrations detected in
the water column. The high values of surface chl a, on the other hand, were not reflected in
bottom water samples or sediment chl a values. Similar to this study, Lehrter et al. (2014)
reported that MPB production was small when compared to that of phytoplankton in the
overlying water column at stations west of the Mississippi River bird-foot delta.
Phytoplankton community composition varies based on the changes in nutrient
stoichiometry in response to seasonal nutrient loads (Schelske & Stoermer 1971, Hecky &
Kilham 1988, Conley et al. 1993, Turner et al. 1998). Prior studies have shown that diatom
growth for the northern Gulf of Mexico is mainly limited by silica in the spring and nitrogen
outside of the Mississippi River bird-foot delta region in the summer (Quigg et al. 2001, Zhao &
Quigg 2014, Gomez et al. 2018). Prolonged high river discharge for 2019 sustained high levels
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of chl a in the surface waters of the borrow pit by supplying necessary nutrients, like NO2+NO3
and SiO2, important for phytoplankton such as diatoms. High concentrations of NH4 and SiO2
found in the summer at the surface led to a secondary summer bloom and sustained high diatom
biomass.
Microscopy observations revealed that the phytoplankton community found in water
samples were mainly chain-forming centric diatoms whereas sediment samples were mainly
comprised of large single-celled centric diatoms. In addition, this highly productive system
supported zooplankton grazers found at the surface and bottom water at all stations based on
microscopy observations (Fig. 2.11). A wide range of feeding modes and trophic

Figure 2.11. Example microscopy images of zooplankton found Sandy Point borrow pit at all stations, surface and
bottom water samples, during spring and summer of 2019.

roles are found among northern Gulf of Mexico zooplankton (Turner 1984, 1986, Green & Dagg
1997), with copepods and other zooplankton able to graze a substantial portion of the region’s
primary production (Dagg 1995, Liu & Dagg 2003). Turner (1984) reported to find diatom
Coscinodiscus spp, Thalassiosira spp., and Chaetacerous spp. components in copepod fecal
pellets near the Mississippi River plume. The aforementioned species were among the most
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dominant species observed at Sandy Point samples in this study. Therefore, water column
zooplankton grazing could minimize the export of carbon and nitrogen from sinking
phytoplankton, which was observed at most stations as a decrease in chl a, sediment %TOC and
%TN from spring to summer with higher values observed inside the borrow pit compared to
outside stations in this study. Low light penetrating to the bottom due to high turbidity from the
Mississippi River and resuspension due to mixing could also be hindering establishment of MPB
on the sediment surface.
The need of sand from offshore resources to combat coastal land loss rely on sand being
excavated from sandy shoals or MCDPs. Little research has been done to understand how
dredging impacts the water quality, primary production, and trophic energy transfer after
dredging is completed. Understanding the role dredging plays in water quality and productivity
of a system is important to the management of future coastal protection and restoration projects
in need of this resource. The proximity of dredging sites to major rivers that supply sediment,
nutrients, and freshwater can play an important role in primary production and water quality that
can affect the infilling and sedimentations rates of sediment borrow areas. The data presented in
this chapter builds upon the limited knowledge currently available about borrow pits in the
northern Gulf of Mexico region.

Conclusion
Our understanding of MCDPs is limited because most previous studies having focused on
sandy pits, which evolve differently as seen at Caminada borrow pit from the previous chapter.
Sandy Point borrow pit receives sediment through smaller passes of the Mississippi River, which
controls the sediment type and sedimentation rate of the study site. The delivery of nutrients
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necessary for phytoplankton growth are also dependent upon the Mississippi River and the
intermittently active clockwise gyre of the Louisiana Bight that advects the river plume toward
the borrow pit. Prolonged high river discharge from January to July of our sampling year may
have been the cause of a secondary summer bloom following the spring bloom that supported
zooplankton grazing and high surface-water chl a concentrations observed in spring and summer.
The influence of the Mississippi River on Sandy Point borrow pit has led to the establishment of
an energetic, highly productive system that has been observed only in the water column at
stations inside and outside of the borrow pit.
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General Conclusion
The research presented in this thesis is a component of a broader study funded by the
Bureau of Ocean and Energy Management (BOEM) to develop a monitoring program for water
quality and biogeochemical processes of Louisiana sediment borrow areas on the continental
shelf. The specific focus of this research was to characterize the water quality and identify
phytoplankton and microphytobenthos (MPB) communities at two different borrow pit locations.
The first chapter focused on results from Caminada borrow pit and the second chapter focused
on the results from Sandy Point borrow pit. The main factors driving the differences of these
borrow pits were substrate quality, proximity to the Mississippi River, and age, which were
based on the years dredging was completed.
Caminada, a sandy pit, and Sandy Point, a mud-capped borrow pit, are located west of
the Mississippi River delta and they are approximately 100 km apart, with Sandy Point being
located nearest to the Mississippi River. The differences observed at each location can be
attributed to this spatial variability and river discharge rates (Fig. 3.1). Caminada borrow pit was
characterized as a low-flow environment that had persistent bottom-water hypoxia inside the
borrow pit during spring and summer, whereas Sandy Point borrow pit was high-flow
environment that experienced bottom-water hypoxia at only one station inside the borrow pit
only during the spring. High organic matter deposition in summer coupled with the low-flow
environment and muddy sediment type found in the bottom of borrow pit at Caminada limited
the benthic flux of inorganic nutrients back to water column and, therefore, fueled a viable and
productive MPB community. High concentrations of ammonium and high sediment chl a
concentrations found inside the borrow pit at Caminada were not detected at Sandy Point. Sandy
Point borrow pit was characterized as a highly productive and high-flow environment that had
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persistently high chl a concentrations in the surface waters during spring and summer that were
not seen at depth nor in sediment samples.
Table 3.1. Common ecological conditions summarized over two seasons-inside and outside - observed at two
borrow pits, Caminada and Sandy Point during 2018 and 2019.
Ecological Condition

Caminada

Sandy Point

Year sand was dredged

2013-2016

2012

Water depth

Outside: 7.82 m

Outside: 7.82 m

Inside: 12.68 m
Bottom DO

Inside: 12.68 m

Outside: 6.73 ± 1.17 mg L
Inside: 1.56 ± 0.25 mg L

-1

-1

Outside and Inside:
3.1 ± 1.1 mg L-1

May 2018: 22,155 m3 s-1

May 2019: 33,074 m3 s-1

July 2018: 13,887 m3 s-1

September 2019: 10,479 m3 s-1

Surface dissolved inorganic

May 2018:

May 2019:

nutrients

NO2 + NO3: 1.69 ± 0.36 µM

NO2 + NO3: 32.9 ± 15.68 µM

NH4: 12.99 ± 7.54 µM

NH4: 2.60 ± 2. µM

SRP: 0.29± 0.03 µM

SRP: 0.30 ± 0.20 µM

SiO2: 10.94 ± 1.10 µM

SiO2: 13.7 ± 2.60 µM

July 2018:

July 2019:

NO2 + NO3: 0.32 ± 0.41 µM

NO2 + NO3: 1.30 ± 0.25 µM

NH4: 10.76 ± 4.16 µM

NH4: 36.40 ± 9.61 µM

SRP: 0.20 ± 0.09 µM

SRP: 0.10 ± 0.20 µM

SiO2: 3.10 ± 2.75 µM

SiO2: 37.00 ± 6.36 µM

Mississippi River Discharge

Phytoplankton biomass (chl a)

Surface:

Surface:
-1

May 2019: 7.49 ± 1.13 µg L-1

July 2018: 0.55 ± 0.07 µg L-1

July 2019: 0.73 ± 0.25 µg L-1

Bottom:

Bottom:

May 2018: 2.11 ± 0.28 µg L

May 2018: 0.73 ± 0.36 µg L

Dominant phytoplankton taxa

MPB biomass (chl a)

Dominant MPB taxa

-1

May 2019: 11.58 ± 5.59 µg L-1

July: 2018: 2.76 ± 2.43 µg L-1

July: 2019: 1.12 ± 0.51 µg L-1

Surface: Diatoms and cyanobacteria

Surface: Diatoms and cyanobacteria

Bottom: Diatoms and cyanobacteria

Bottom: Diatoms and cyanobacteria

Outside: 11.03 ± 6.49 μg m-2

Outside: 11.09 ± 8.89 μg m-2

Inside: 18.87 ± 19.18 μg m-2

Inside: 10.09 ± 4.22 μg m-2

Outside: Pennate diatoms

Outside and Inside: Centric diatoms

Inside: Centric diatoms
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Figure 3.1. Main differences seen at Caminada and Sandy Point with water column chlorophyll a in the top two
panels and Mississippi River discharge for each sampling year in the bottom two panels. Black Boxes indicates
approximate sampling dates.

MPB diversity was similar between the two borrow pits, however, the biomass differed greatly.
Caminada borrow pit had higher chl a concentrations observed in sediment samples (18.9 ± 19.2
μg m-2) when compared to Sandy Point (10.1 ± 8.88 μg m-2). Sandy Point was comparable to
other studies from that region that reported the MPB production to be small when compared to
that of phytoplankton in the overlying water column at stations west of the Mississippi River
bird-foot delta (Lehrter et al. 2014). Interestingly, both borrow pits allowed for the establishment
of unique sediment MPB community, mainly consisting of Coscinodiscus spp. Coscinodiscus
spp. is a large (30 – 500 µm), single cell centric diatom commonly found in the northern Gulf of
Mexico that is well adapted to low light and low oxygen conditions (Baustian et al. 2013). This
study suggests that this species was abundant at inside the borrow pit at Caminada due to this
special adaptation to low light and low oxygen and present at all stations at Sandy Point given
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that all stations experienced frequent mixing that hindered light reaching the sediment floor.
Previous studies have reported the MPB of sandy shoals, like seen in Caminada stations outside
the borrow pit, to be mostly pennate diatoms and filamentous cyanobacteria that are not
associated with the water column (Grippo et al. 2009, 2010, Baustian et al. 2011, 2013). The
experimental results of Valentine and Mariotti (2020) suggest that diatom dominated biofilms
increase soil stabilization with increase in nutrient additions and that a mature biofilm can
prevent sediment erosion even for extremely high shear stress due to the excretion of
extracellular polymeric substances (EPS) from diatoms. The discovery of these well-established,
diatom dominated MPB communities within the borrow pits can also potentially aid in the
stabilization of sediments during infill. Infilling rates at Sandy Point are relatively low due to
high resuspension rates and energetic environment due to the proximity of the Mississippi River
(Robichaux 2017), but the recently deposited organic matter and diatom-dominated MPB
community found at low-flow Caminada hindered resuspension and thus could be leading to
faster infilling rates.
One advantage of mud-capped borrow pits is that they are often closer to areas in need of
restoration, eliminating the need to transport large amounts of sand to areas that may not have
native sand resources, which reduces the cost of transportation via barges and pipelines (Nairn et
al. 2005). However, infilling rates for mud-capped borrow pits were predicted to be 5 to 10 years
after dredging and sandy pits were predicted to fill more rapidly, 3-5 years after dredging (Nairn
et al. 2005), which coincides with this study that suggests that sandy pits are infilling at faster
rates due to the establishment of MPB and the stabilization of the sediments inside these borrow
pits.
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Sandy Point was dredged eight years ago, and similarities were detected between inside
and outside pit stations, whereas, Caminada is a younger pit, dredged only 4 years ago, and
similarities were not observed at inside and outside stations. Age of the borrow pit is also important
to consider when evaluating overall water quality and primary productivities of these complex
systems. This study provides new information about the ecological conditions, such as the water
quality and community structure of phytoplankton and MPB at sediment borrow areas postdredging. The research presented in this thesis will further aid coastal management decisions and
provide better estimations of baseline conditions to consider when choosing sediment borrow areas
for immediate action of restoration projects to combat land loss.
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